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SUMMARY 

This  report  describes  a  minicomputer  controlled  system  for  testing  telemetry  receiving  and  recording  stations. 
Self-Check  Automated  Telemetry  System  (SCATS)  can  test  a  telemetry  receiving  and  recording  station  in  about 
one-fifth  the  time  it  takes  to  manually  test  the  station.  The  test  results  are  printed  out  and  can  be  stored  on  the 
computer  for  trend  analysis  and  other  statistical  analyses.  The  SCATS  accuracy  is  +1.0  dB  or  better  for  all  tests. 
The  results  of  the  various  tests  correlate  well  with  each  other  and  with  manually  performed  tests.  It  has  been 
demonstrated  that  a  minicomputer  controlled  system  such  as  SCATS  can  perform  a  good,  fast,  accurate  test  on  a 
telemetry  receiving  and  recording  station. 
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INTRODUCTION 


This  report  describes  a  minicomputer  controlled  system  for  testing  telemetry  receiving  and  recording  stations. 
This  system  is  called  the  Self-Check  Automated  Telemetry  System  (SCATS).  SCATS  is  also  a  prototype  telemetry 
receiving  and  recording  station.  SCATS  uses  the  standard  Inter-Range  Instrumentation  Group  (IRIG)  document 
number  1 18  tests.  The  tests  implemented  are: 

1 .  Antenna  figure  of  merit  (gain/temperature  (G/T)) 

2.  Intermediate  frequency  (IF)  signal-to-noise  ratio  (SNR) 

3.  Bit  error  probability  (BEP) 

4.  Noise  power  ratio  (NPR) 

5.  Tape  recorder  frequency  response 

SCATS  performs  the  first  two  tests  using  the  SCATS  computer  controlled  receiver  but  can  perform  the  last  three 
tests  on  any  manually  controlled  receiver  and/or  recorder/reproducer. 

SCATS  can  also  be  patched  to  test  one  of  the  Pacific  Missile  Test  Center’s  operational  telemetry  ground 
stations.  The  operational  telemetry  ground  station  has  four  dual-polarization,  32-foot  dish,  tracking  antennas; 

24  dual-channel  telemetry  receivers  with  built-in  combiners;  and  12  analog  magnetic  tape  recorders.  Radio  frequency 
(RF)  signals  can  be  inserted  into  the  preamplifier  inputs  of  the  antennas.  The  antenna  outputs  can  be  patched  to 
either  the  SCATS  receiver  or  the  ground  station  receivers.  The  receiver  outputs  can  be  patched  to  either  the  tape 
recorders  or  the  SCATS  data  inputs.  The  tape  recorder  outputs  can  be  patched  to  the  SCATS  data  inputs.  SCATS 
accepts  video  signals  and  450-  and  900-kHz  frequency  modulated  predetection  carrier  signals  as  inputs. 

The  use  of  a  computer  controlled  system  to  test  telemetry  ground  stations  has  the  following  advantages: 

1.  Test  results  are  more  repeatable  because  the  operator  is  not  in  the  set-up,  adjustment,  and  meter  reading 
loop  and  the  computer  does  the  same  things  each  time. 

2.  Tests  take  much  less  time  to  perform,  which  is  very  important  in  a  busy  ground  station. 

3.  A  quick,  accurate  test  can  be  run  immediately  before  a  mission,  which  will  increase  the  probability  of 
receiving  and  recording  good  data  during  the  mission. 

4.  The  tests  are  easy  to  do;  this  makes  it  more  likely  that  they  will  be  done. 

5.  Test  results  can  be  stored  and  also  recalled  for  comparisons  between  tests  run  under  the  same  conditions. 

The  disadvantage  of  a  computer-controlled  test  system  is  the  higher  initial  cost.  This  should  be  more  than 
offset  by  the  overall  improved  data  quality,  problem  detection  capability,  and  decreased  down-time  for  testing. 

The  work  reported  herein  was  conducted  under  AIRTASKS:  A5355352-054D-5W474 10030.  A06R06R1- 
054D-6WSL770000,  A6306302-054D-7WSL770000,  A6306302-054D-8W06040000,  and  A6306302-054D- 
9W06040000,  Missile  Flight  Evaluation  Systems,  and  was  Jointly  funded  by  the  Naval  Air  Systems  Command 
and  the  Pacific  Missile  Test  Center. 
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SYSTEM  DESCRIPTION 


A  siinplified  block  diagram  rrl  SCATS  is  presciiied  in  figure  I.  SCATS  contains  the  tollowing  equipment; 
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Minicomputer  with  16K  of  core  memory,  48K  semiconductor  memory. 

Two  5-Megabyte  disk  drives  plus  one  dual  floppy  disk  drive  (250  Kilobytes  each  drive). 

Typewriter  terminal  plus  CRT  terminal. 

Interface  between  minicomputer  and  test  equipment. 

Radio  frequency  signal  generator,  L-  and  S-band,  1  dB  step  attenuator,  frequency,  and  phase  modulation 
(FM  and  PM). 

Frequency  synthesizer. 

RF  power  meter. 

RF  counter. 

RF  distribution  unit. 

Dual<hannel  telemetry  receiver  with  synthesized  tuner. 

Diversity  combiner. 

Predetection  discriminators  (450-  and  900-kHz). 

Programmable  gain  amplifier. 

Pulse  code  modulation  (PCM)  test  set. 

Noise  generator  and  receiver  (for  NPR  test). 

RMS  meter. 

Function  generator. 

Counter. 

Ten  discrete  relays  and  two  10  x  10  matrices. 

Controller  for  amplifier,  relays,  and  matrices. 

PCM  bit  synchronizer. 

S-band  to  P-band  down  converter. 

Oscilloscope  (not  under  computer  control). 

RF  spectrum  analyzer  (not  under  computer  control). 


The  RF  distribution  unit,  the  discrete  relays,  and  the  matrices  are  used  to  interconnect  the  SC  .ATS  equipment  and 
also  to  connect  the  SCATS  equipment  with  the  operational  telemetry  ground  station. 


Indicate  equipment  designed  and  built  by  Facilic  Missile  Test  Center  (PACMISTI  STt  I  Ni.  all  other  equipment  is  commercially 
available. 
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EQUIPMENT  DESCRIPTION 


Minicomputer  end  Peripherals 

The  iniiiicomputer  used  in  the  SCATS  system  is  a  Digital  Equipment  Corporation  PD1’-11,  .M.  The  main 
peripherals  include;  two  RL-01  disk  drives,  an  RX-01  dual  lloppy  disk  drive,  an  1.A36  teletypewuier,  a  \’T52 
cathode  ray  tube  (CRT)  terminal,  an  IEEE-488  interface  card,  and  a  DR-1 1C  instrument  interface  card.  The 
operating  system  currently  being  used  is  RT-11  version  3.  The  RL-01  disk  drives  contain  the  operating  system, 
library  routines,  and  the  SCATS  software.  The  floppy  disks  are  used  for  the  storage  of  test  data.  Both  soft 
(CRT)  and  hard  copy  displays  are  available.  The  CRT  terminal  is  portable  and  several  interface  plugs  are 
available  in  the  operational  ground  station.  This  allows  the  CRT  terminal  to  be  moved  to  the  antenna  console 
to  run  antenna  figure  of  merit  tests,  etc.  The  test  results  can  be  stored  and  a  hard  copy  output  produced  at  a 
later  time  if  desired. 

Interface  Between  Minicomputer  and  Test  Equipment 

Communication  between  the  minicomputer  and  the  test  equipment  is  via  an  in-house  designed  and  fabricated 
“Port  Expander”  interface.  This  interface  is  described  in  appendix  A. 

One  of  the  major  expense  and  time  items  in  SCATS  was  the  design,  construction,  and  debugging  of  the 
special  interfaces  for  the  various  pieces  of  equipment.  Most  of  the  SCATS  equipment  was  purchased  in  1975 
and  the  interfaces  are  mostly  unique.  Since  that  time,  the  lEEE-48  Interface  has  gained  wide  acceptance,  and 
much  equipment  is  now  available  with  this  interface.  IEEE-488  Interface  adaptors  are  also  now  available  for 
many  instruments  which  are  not  available  with  this  interface.  The  use  of  the  IEEE-488  Interface  -vill  minimize 
the  hardware  interface  development  but  may  transfer  the  effort  to  the  software.  The  software  probelms  can  be 
minimized  by  selecting  a  controller  which  is  optimized  for  use  the  IEEE-488  Inietface.  The  in-house  interfaces 
have  worked  very  well. 

RF  Signal  Generator,  Telemetry  Receiver,  and  Associated  Equipment 

The  RF  signal  generator  is  a  .Microdyne  Corporation  Model  7|(X)  SL(P).  The  output  frequencies  of  this 
generator  are  1435-1540  and  2200-2300  MHz.  The  generator  can  be  either  phase  or  frequency  modulated.  The 
peak  deviations  are  +600°  and  +6  MHz.  The  modulation  frequency  response  is  within  +1  dB  from  DC  to  3  MHz 
for  phase  modulation  and  from  DC  to  4  MHz  for  frequency  modulation.  This  is  more  than  sufficient  for  PCM 
bit  rates  up  to  3  megabits  per  second  (.Mb/s)  (current  maximum  capability  of  SC.ATS).  The  RF  output  level  is 
controllable  in  I  dB  steps  from  -129  dBm  to  +10  dBm.  The  RF  frequency  can  be  remotely  controlled  by  the 
selection  of  one  of  20  crystals  or  by  the  insertion  of  an  external  reference  frequency.  The  normal  SCATS  mode 
of  operation  is  to  insert  a  reference  frequency  from  the  Fluke  8160B  frequency  synthesizer.  This  allows  the 
programming  of  the  RF  output  frequency  to  within  100  Hz  of  any  desired  frequency  within  the  operating  range 
of  the  RF  generator.  The  RF  output  power  is  measured  using  a  Boonton  42BD  autoranging  power  meter.  This 
power  meter  has  an  accuracy  of  +0.3  dB  for  power  levels  from  -50  to  +10  dBm  and  a  resolution  of  0.01  dB. 

The  RF  generator  output  is  connected  to  the  RF  distribution  unit.  The  RF  distribution  unit  contains  isolated 
power  dividers  and  RF  switches.  The  RF  signal  is  continuously  connected  to  the  power  meter,  RF  counter,  and 
spectrum  analyzer  for  monitoring,  and  the  RF  signal  is  also  connected  to  either  an  S-  to  P-baiid  down  conveiter 
or  to  the  antenna  patch  panel.  The  P-band  signal  is  sent  to  the  receiver  patch  panel  for  direct  insertion  into  the 
operational  telemetry  receivers  (this  telemetry  ground  station  converts  the  L-  and  S-band  telemetry  signals  to 
P-band  in  the  antenna  pedestals,  therefore,  the  operational  receivers  operate  with  P-band  signals).  The  normal 
test  mode  is  to  split  the  L-  or  S-band  signal  into  two  equal  parts  and  apply  these  signals  to  the  antenna 
preamplifiers. 

The  telemetry  receiver  is  a  Microdyne  2200R(N)  dual-channel  receiver  with  a  2212-VT(N)  synthesized  RF 
tuner.  The  synthesized  tuner  operates  over  the  frequency  range  of  215  to  320  MHz.  The  frequency  is  remotely 
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piograiiimable  with  a  step  si/.e  ot  100  kHz.  The  receiver  has  six  remotely  selectable  second  II  baiidwidths: 

100,  300,  500,  1000,  1500,  atul  3300  kll/.  The  demodulator  bandwidth  is  slaved  to  the  IF  bandwidth.  Twelve 
video  bandwidths  are  available  lor  remote  selection.  The  automatic  gain  control  (A(jC)  voltage  can  be  remotely 
tro/,en  at  any  time.  This  allows  measurement  ot  signal  plus  noise  and  noise  with  the  same  gain.  This  is  vital 
to  the  antenna  ligure  ol  merit  and  IF  SNR  tests.  The  receiver  is  connected  to  a  diversity  contbiner  which  contains 
remotely  controllable  piedeieciion  down  converters  (the  predetection  output  Irequency  is  selectable)  as  well  as  a 
predelection  or  posldetection  combiner  (switch  selectable). 


The  most  critical  features  of  the  equipment  in  the  RF  section  of  SCATS  are  the  frequency  and  output 
power  stability  of  the  RF  generator,  the  frequency  stability  of  the  frequency  synthcsii!er,  the  accuracy  of  the 
RF  power  meter,  the  frequency  and  gain  stability  of  the  telemetry  receiver,  and  the  linearity  and  bandwidth  of 
the  frequency  and  phase  modulators  and  demodulators. 

BEP  and  NPR  Test  Equipment 

The  current  SCATS  PCM  test  set  is  an  International  Data  Sciences  Model  lOCW.  This  test  set  generates/ 
receives  the  standard  I  RIG  2047-bit  pseudo-noise  sequence.  However,  this  PCM  test  set  only  generates  the  non- 
return-to-/,ero-levei  (NRZ-L)  code  and  has  a  maximum  bit  rate  of  I  Mb/s.  It  will  be  replaced  by  a  IX-com  Systems 
Incorporated  Model  7193  PCM  test  set.  The  model  7193  generates  all  of  the  standard  IRIG  codes,  uses  either 
an  internal  or  external  clock,  and  handles  bit  rates  up  to  5  Mb/s.  A  Wavetek  Model  159  function  generator  is 
used  to  provide  the  transmitter  clock.  The  P(  M  test  set  also  detects  errors  in  the  received  pseudo-noise  pattern. 
The  ratio  of  bits  in  error  to  bits  transmitted  is  measured  using  a  Dana  Model  8010B  counter. 

A  programmable  gain  amplifier  is  used  to  control  the  RF  desdation  during  the  Bid’  tests.  Tl  ;  programmable 
gain  amplifier  has  a  bandwidth  (-3  dB)  of  DC  to  2.0  MHz.  The  gain  can  be  varied  from  0.006  to  1.0  (gain  = 

0.695'^  where  0  <  X  <  1023).  The  PCM  input  to  the  programmable  gain  anipUrier  goes  througli  two  2-inpul 
NAND  gates.  The  PCM  data  can  be  set  to  the  higli  level  (“1”),  reset  to  the  low  level  (“0"),  or  passed  thiough 
unaltered.  This  feature  is  used  in  setting  the  frequency  deviation  in  the  BFP  and  NPR  tests.  An  Fdectro- 
Mechanical  Research  Model  720-02  PCM  bit  synchronizer  is  used  to  synchronize  and  reconstruct  the  input  PCM 
data.  This  bit  synchronizer  accepts  all  the  standard  IRlG  codes,  bit  rates  from  I  bit  per  second  to  5  Mb-s.  and 
provides  selectable  output  polarity  and  reconstructed  NRZ-L  and  clock  outputs. 

The  white  noise  generator  is  a  Marconi  Instruments  Model  209IC.  The  output  power  is  variable  from 
•59.9  to  +19.9  dBm  in  0.1  dB  steps.  The  noise  bandwidth  can  be  varied  by  the  insertion  of  various  liigli-  and 
low-pass  filters.  The  current  capabilities  are  12  to  108  kHz  and  12  to  252  kHz.  The  band-stop  frequencies  can 
be  varied  by  the  insertion  of  various  filters.  The  current  band-stop  frequencies  are:  16,  40.  70,  9«,  140,  and 
185  kHz.  The  output  noise  level  is  automatically  level  controlled,  that  is,  when  a  band-stop  filter  is  selected  the 
noise  power  at  all  other  frequencies  is  increased  by  the  amount  required  to  keep  the  total  output  power  at  the 
selected  level.  The  noise  output  can  also  be  turned  completely  off. 

The  noise  receiver  is  a  Marconi  Instruments  Model  2090C.  The  noise  receiver  has  band-pass  filters  matched 
to  the  noise  generator  band-stop  filters.  The  noise  powers  with  the  band-stop  filter  “out”  and  “in”  are  measured 
with  a  resolution  of  0.5  dB.  The  difference  in  the  two  values  is  the  NPR. 

The  predetection  discriminators  are  pulse-averaging  discriminators.  Every  zero  crossing  is  detected  and  a 
constant  width  and  amplitude  pulse  is  generated.  Tliis  produces  a  pulse  train  at  twice  the  input  frequency.  This 
pulse  train  is  then  low-pass  filtered  (the  low-pass  filter  bandwidth  is  approximately  one-half  the  discriminator 
center  frequency).  The  output  voltage  is  directly  proportional  to  the  number  of  pulses  which  is  directly 
proportional  to  the  input  frequency.  This  demodulation  technique  was  selected  because  of  its  excellent  linearity. 
The  main  limitation  is  in  maximum  data  rate.  PCM  data  (NRZ-L)  at  bit  rates  above  65  percent  of  the 
center  frequency  are  degraded  by  the  interference  between  the  data  and  the  sidebands  of  the  pulse  train.  Signals 
with  higher  bit  rates  should  be  demodulated  before  being  applied  to  SCATS  (the  demodulation  should  be  done 
at  10  MHz  for  best  performance). 
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Other  Equipment 


The  ainplitiide  of  all  signals  between  10  H/  and  20  MH/  is  ineasuied  using  an  autoranging  Boonton  92  AD 
Hue  RMS  voltmeter.  This  meter  has  a  resolution  of  0.01  dB  and  an  accuracy  of  approximately  +0.2  dB.  All 
amplitudes  are  read  in  dBm.  A  second  Boonton  93  AD  is  available  for  exchange  when  the  firsi  must  he  calibrated 
or  repaired. 

The  frequency  of  all  signals  below  150  MH/,  is  measured  using  a  Dana  801  OB  counter.  This  counter  has 
remote  control  of  all  functions  including  trigger  level.  The  time  base  is  variable  from  1  microsecond  to  100  seconds. 
The  frequency  ratio  mode  has  a  range  of  10“  to  10*^.  This  allows  bit  error  probability  measurements  to  be  made 
over  any  number  of  bits  (in  powers  of  10)  up  to  lO'^  bits.  The  usual  interval  is  10^  bits. 

A  W'avetek  159  function  generator  is  used  to  provide  the  clock  for  the  PCM  generator;  the  various  frequency 
sine  waves  to  measure  tajie  recorder  frequency  response,  etc.  The  frequency,  amplitude,  and  offset,  are  selectable 
to  three  digits  and  sine,  triangle,  and  square  waves  can  be  generated. 

SCATS  uses  eight  discrete  relays  to  interconnect  instruments.  The  relays  have  either  five  or  eiglit  throws, 
greater  than  60  dB  of  isolation  at  10  MHz,  and  a  DC  to  300  MHz  bandwidth.  SCATS  also  contains  two  10  x  10 
relay  matrices  which  are  used  to  interconnect  instruments  and  also  to  connect  SCATS  to  the  operational  ground 
station  equipment.  The  matrices  have  a  bandwidth  of  DC  to  20  MHz. 

The  controller  for  the  programmable  gain  amplifier,  the  relays,  and  the  matrices  allows  for  either  manual 
or  computer  contiol.  The  programmable  gain  amplifier  is  manually  controlled  by  a  series  of  two-position  switches. 
The  relays  are  manually  controlled  by  two  If-position  thumbwheel  switches  as  are  the  matrices.  The  last  setting 
(could  be  manual  or  computer)  of  any  relay  held  until  the  relay  is  set  to  a  different  position. 


SCATS  SOFTWARE 

The  SCATS  software  provides  for  operator  selection  of  tests  to  be  run;  execution  of  the  tests;  monitoring 
of  equipment  during  the  test;  analysis,  display,  and  storage  of  test  results.  The  software  provides  extensive 
guidance  indicating  the  options  available,  responses  required  at  each  step,  and  informing  the  operator  of  any 
manual  steps  that  must  be  performed.  The  operator  has  full  control  in  selecting  the  sequence  in  which  tests  are 
run,  the  parameters  to  be  used  in  conducting  the  test,  and  whether  the  results  are  to  be  saved. 

The  software  for  the  SCATS  has  been  written  primarily  in  FORTRAN  with  only  a  few  assembly  language 
subroutines  used  as  drivers  to  interface  with  nonstandard  external  equipment.  Four  major  programs  provide  all 
of  the  testing  and  data  retrieval  capabilities.  An  additional  group  of  small  programs  provides  supporting  functions 
such  as  maintenance  of  equipment  characteristic  files,  initialization  of  archive  files,  self-test  capabilities,  etc. 

Due  to  their  size,  some  programs  have  been  overlayed  in  order  to  fit  within  the  available  memory.  However, 
overlaying  aided  the  program  development  inasmuch  as  each  overlay  represented  a  more  or  less  independent  block 
of  code  which  could  be  worked  with  individually. 

Four  files  constitute  the  SCATS  data  base.  Two  of  these  files  contain  information  used  by  the  system  in 
executing  test  sequences,  and  the  remaining  two  are  used  to  archive  test  results.  One  input  file  contains  cable 
loss  values  and  noise  figures  associated  with  various  equipment  to  which  the  SCATS  can  be  connected.  The 
second  file  is  used  to  input  test  parameters  such  as  IF  bandwidth,  peak  diviation,  center  frequency,  etc.  fip  to 
ten  test  parameter  setups  can  be  generated  and  saved  by  name  in  this  file.  This  feature  permits  convenient 
operator  specification  of  repeatedly  used  sets  of  test  parameters. 

One  of  the  output  files  generated  is  used  to  archive  the  results  of  the  BEP,  NPR,  IF  SNR,  and  solar 
calibration  tests.  The  second  output  file  is  unique  to  solar  calibrations  and  contains  for  each  antenna  and 
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I  -  haiiJ  ilif  si.iiisiical  Jala  iuininari/mg  past  iKTlorinance.  A  data  retrieval  program  is  available  which 

pel  lit-  leview  ol  the  tile  contents,  printout  of  siwcillc  data,  and  the  suniniari/ation  of  data.  The  capability  has 
been  pi'Wided  to  |vimii  data  letiieval  by  s[x‘cifying  desired  combinations  of  equipment  number,  date  period,  and 
many  ol  the  lest  paiamelers. 


TEST  PARAMETER  ENTRY 

The  test  o|H.'iaioi  can  create  a  data  file  which  contains  the  following  data: 

I  Rf  center  frequency 

2.  If  bandwidth  (.SCATS  leceiver) 

3.  Video  bandwidth  (SCATS  receiver) 

4.  Predetection  carrier  frequency 

5.  Counter  time  base  exponent  (iJhP  test  measurement  interval  in  bits) 

ti.  PCM  bit  rate 

7.  Peak  RF  frequency  deviation  (for  BEP  test) 

8.  rms  RF  frequency  deviation  (for  NPR  test) 

This  data  file  can  then  be  called  any  time  the  operator  wants  to  run  a  test  with  these  parameter  values.  Any 
data  entry  in  the  file  can  be  changed  individually.  A  sample  SCATS  log-in  and  IF  bandwidth  change  is  shown 
in  figure  2.  The  data  entered  by  the  test  operator  is  underlined. 


ANTENNA  FIGURE  OF  MERIT  TEST 

This  test  determines  the  antenna  figure  of  merit  which  is  ten  times  the  logarithm  of  the  ratio  of  the  antenna 
gain  to  the  system  noise  temperature  (G/T).  The  G/T  is  measured  at  ten  frequencies  at  S-band  and  three  frequencies 
at  both  upper  and  lower  L-band  and  for  both  antenna  polarizations.  The  SCATS  equipment  used  in  this  test  are: 
telemetry  receiver,  rms  meter,  RF  distribution  unit,  and  discrete  relays  (see  figure  3).  The  antenna  outputs  are 
manually  patched  into  the  SCATS  receiver  and  the  solar  llux,  flux  measurement  frequency,  Julian  date,  and 
Greenwich  Mean  Time  are  entered  into  the  computer  terminal.  The  sun  position  is  calculated  and  printed  out. 

The  antenna  is  then  manually  pointed  at  the  sun  and  put  into  autotrack  mode.  A  data  entry  example  is  shown 
in  figure  4. 

The  program  first  determines  if  the  largest  signal  is  received  at  the  low  or  high  end  of  the  passband  with 
the  antenna  tracking  the  sun.  The  gain  is  set  (for  each  receiver  channel  independently)  at  the  frequency  with  the 
largest  signal.  The  rms  value  of  the  receiver  linear  10  MHz  is  then  measured  at  each  frequency  for  both  receiver 
channels.  A  check  is  made  to  verify  that  the  receiver  gain  (or  something  else)  has  not  changed  by  remeasuring 
the  signal  at  the  lowest  frequency  and  comparing  it  to  the  value  measured  earlier.  The  antenna  is  then  pointed 
at  the  cold  sky  (30°  in  elevation  from  the  sun)  and  the  rms  values  are  again  measured.  The  figure  of  merit  is 
calculated  from  the  following  equation  (see  reference  1). 

87rKL(p2 

10  log  G/T  =  10  log  -  -  -  (1) 

1)  ' 


'R.innc  C.mmuiutvrs  Cmincil  IRKi  Duciimcnl.  1  l8-7.t.  Revised  July  I97.S,  •/i'sr  MciIkhIs  for  TeU-im  iry  System’s  and  Subsystems.  - 
Sccroljfiul.  While  Sunds  Missile  Run^re. 
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.R  SCftTS 


SELF  CHECK  AUTOMATED  TELEMETRY  SYSTEM  (SCATS) 
YEAR  Z2. 

JULIAN  DAY  147 
HOUR  2^ 

MINUTE  20 


type: 

1  =  LIST  DATA  SET  NAMES 

2  =  READ  DATA  SET  NAME  FILE 

3  =  WRITE  DATA  SET  FILE 

4  =  INPUT  OR  EDIT  DATA  SET 

5  =  RETURN  TO  SCATS  MONITOR  _2_ 

TYPE  DATA  SET  NAME:  LAW 

DATA  set:  law 

CENTER  FREQ  =  2250.5  IF  DW  =1500  VIDEO  BW  =1000 
PRE-D  =  450  TIMEBASE  EXP  =  6  BIT  RATE  =  240000. 

RF  PEAK  DEV(BEP)  =  84000.  RF  RMS  DEV(NPR)  =  100000. 


type: 

1  =  LIST  DATA  SET  NAMES 

2  =  READ  DATA  SET  NAME  FILE 

3  =  WRITE  DATA  SET  FILE 

4  =  INPUT  OR  EDI!  DATA  SET 

5  =  RETURN  TO  SCATS  MONITOR  4_ 

INPUT  DATAf  type: 

1  =  CENTER  FREQ 

2  =  IF  BW 

3  =  VIDEO  BW 

4  =  PRE-D  FREQ 

5  =  COUNTER  TIME  BASE  EXP 

6  =  BIT  RATE 

7  =  RF  DEV I AT I ON (BEP) 

8  =  RF  DEVIATION<NPR) 

9  =  TERMINATE  INPUT 

number:  2. 

RECEIVER  IF  BANDWIDTH ( KHZ ) :  500 

number:  2. 


type: 

1  =  LIST  DATA  SET  NAMES 

2  =  READ  DATA  SET  NAME  FILE 

3  =  WRITE  DATA  SET  FILE 

4  =  INPUT  OR  EDIT  DATA  SET 

5  =  RETURN  TO  SCATS  MONITOR  5 


Figure  2.  SCA  TS  Log-In  end  Perameter  Entry. 


COLO 

sky 


o 

SUN 


Figure  3.  Antenna  Figure  of  Merit 
(QfTt  Configuration. 


.F  bUNCAL 


SOLAR  CALIBRATION  TEST 


ENItK  fREOUENCY  BANH : 

1»L0UER  L-BANIi 
2’1/rL'fR  L-BAND 
J"S-IiANIi  _3_ 

ENIER  ANTENNA  NUMBER!  J[_ 

l.'Hft  K  THAT  RECEIUER  CHANNEL  1  IS  PATCHEH  TO  RHC . 
CHICK  THAT  RECEIUER  CHANNEL  2  IS  RATCHEIi  TO  LHC. 
MOUNT  SUN.  DAT  FLQF'F'Y  IN  DXl. 

TYRE  CARRIAGE  RETURN. 

ENTER  SOLAR  FLUX  (READ!  152 

ENTER  SUN  MEASUREMENT  FREOUENCY  IN  MHZ  (READ!  2B00 
YEAR  22 

Figure  4.  Antenna  Figure  of  Merit  ENTER  JUi  IAN  DAY!  1 45 

(Solar  Calibration!  Data  entry. 

ENTER  GMT  HOUR! 

enter  MINUTE!  JZ 

26!  AZIMUTH  OF  SUN  IN  DEGREES. 

.1.66  ElEUATION  OF  SUN  IN  DEGREES. 

OBTAIN  SUN  AUTOTRACK. 

TYFE  CARRIAGE  RETURN. 

POINT  ANTENNA  AT  COLD  SKY. 

TYPE  CARRIAGE  RETURN. 


where  L  =  aniennu  beam-width  correctiim  factor  =  1  +  0.38 


(Antenna 


0.5“ 

’  eani-width 


P,  =  Sun  power 

P|  =  Cold  sky  power  ^ 

Fy  =  Solar  tlux  (watts/m'H/) 

f^  =  Solar  llu.x  measurement  frequency 

f  =  Test  frequency 

X  =  Test  frequency  wavelength  (meters) 

K  =  Boltzmann's  constant  =  1 ,38- lO'*"^  watts/ “K/Hz 


A  typical  figure  of  merit  test  output  is  presented  in  table  1.  The  measured  G/T  values  as  well  as  the  prior 
cumulative  averages,  maximums,  minimums,  percentages  of  time  exceeding  specification,  and  standard  deviations 
are  displayed.  The  test  operator  has  three  options  at  the  end  of  a  G/T  test: 

1.  He  can  archive  the  data.  This  means  that  the  data  is  entered  into  the  statistical  file  for  that  antenna  and  is 
also  saved  for  later  recall. 

1.  He  can  save  the  data.  This  means  that  the  data  is  not  entered  into  the  statistical  file  at  this  time  but  the 
data  is  saved  for  later  recall.  The  data  can  be  added  to  the  statistical  file  at  a  later  time.  The  saved  data 
can  also  be  modified  by  correcting  inaccurate  solar  flux  entries,  etc.  This  is  especially  useful  if  a  current 
solar  flux  value  is  not  available  at  the  test  time.  The  test  can  be  perfonned  with  an  estimated  solar  flux, 
the  data  can  be  saved,  and  the  correct  solar  flux  entered  when  available. 

3.  The  test  operator  also  has  the  option  of  not  storing  the  data  in  any  data  file.  Tins  is  useful  if  the  results 
are  not  valid  because  of  interfering  frequencies,  patching  errors,  etc. 

The  mam  sources  of  error  are:  The  latest  solar  flux  value  may  have  been  measured  several  hours  ago  and 
the  solar  flux  may  have  changed  since  then,  the  extrapolation  from  the  flux  measurement  frequency  to  the 
antenna  measurement  frequency  is  not  exact,  the  rms  meter  has  a  specified  accuracy  of  +0.2  dB.  the  antenna 
system  and  receiver  Introduce  errors  because  of  gain  changes  during  the  test  and  amplitude  nonlinearities,  and 
there  may  have  been  unnoticed  interfering  signals  present.  However,  the  SCATS  system  gives  G/T  results  which 
are  quite  repeatable  (within  +0.3  dB  at  S-band  for  tests  which  are  run  within  a  few  minutes  of  each  other)  and 
agree  very  well  with  measurements  made  manually  using  the  calibrated  attenuator  method.  The  overall  accuracy 
is  estimated  to  be  better  than  +1.0  dB  at  S-band. 

Tlie  difference  between  the  maximum  and  minimum  measured  S-band  G/T  values  (at  each  frequency)  varies 
from  1.5  to  2.4  dB  for  antenna  I  and  from  1.2  to  1.8  dB  for  antenna  4  (see  tables  2  and  3).  The  standard 
deviations  are  approximately  0.5  dB  for  antenna  2  and  0.35  dB  for  antenna  4.  Seventy  percent  of  the  LCP 
G  T  values  and  84  percent  of  the  RCP  G/T  values  are  within  +0.5  dB  of  the  average  for  antenna  1  at  2250.5 
MHz.  The  lower  L-band  G/T  standard  deviations  for  antenna  4  are  about  0.35  dB  (see  table  4).  The  upper 
L-band  G/T  standard  deviations  for  antenna  4  are  about  0.5  dB  (see  table  5).  The  statistical  data  presented  in 
tables  2,  3.  4,  and  5  represent  data  taken  between  May  lri78  and  February  1979.  The  statistical  data  in  table  1 
represent  data  taken  between  March  1979  and  May  1979. 

Since  the  G'T  values  arc  stored  on  a  floppy  diskette,  various  analyses  can  be  performed  on  the  data  by 
writing  the  necessary  software.  One  existing  program  prints  out  the  overall  statistical  data  along  with  the  results 
of  all  G/T  tests  that  meet  the  conditions  specified: 


1. 

Antenna  number 

5. 

Low  solar  flux 

Frequency  band 

6. 

Higli  solar  flux 

3. 

Start  year,  day,  hour,  minute 

7. 

Low  flux  measurement  frequency 

4. 

Eml  year,  day,  hour,  minute 

8. 

High  flux  measurement  frequency 

12 
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Tabl«  1.  AfUenna  Solar  Calibration  Test  Output 


ANTENNA  SOLAR  CALIBRATION  NUhBER  OF  TESTS 


YEAR=79  JULIAN  HAY 

=  145  CiMT 

H0UR=22 

MINUTE* 

37 

SOLAR  FLUX 

=  152.0 

AT  2800. 

.0  MHZ 

ANTENNA*’' 

1  RHC 

FREQ 

-RMS  MEIER  IDRl 

Ibis  - 

_ GZI-XD£ll_. 

_ 2  .4.GE* _ 

(NHZ) 

SUN 

COl  H  SKY 

TEST 

AOE 

MAX 

MIN 

15  im 

S.D. 

2200.5 

-  16.6 

-32.7 

17.9 

18.0 

18,2 

17.8 

100.00 

0.14 

2210.5 

-14.3 

-30,4 

17.9 

18.0 

18,3 

17.8 

100.00 

0.14 

2220.5 

-13.9 

-30.1 

18.0 

18.1 

18.3 

17.9 

100.00 

0.15 

2230.5 

-13.5 

-29.6 

IH.O 

18.0 

18.3 

17.8 

100.00 

0.14 

2240.5 

-14.0 

-30.2 

18.1 

18.2 

18.4 

18.1 

100.00 

0.12 

2250.5 

14,4 

30.5 

18.0 

18.1 

18.3 

17.9 

100.00 

0.13 

2260.  r. 

16.1 

-31.8 

17.7 

17.8 

18.1 

17.5 

100.00 

0,17 

2270.5 

-17.4 

'32.9 

17.5 

17.6 

17.9 

17.3 

100.00 

0.20 

2280.5 

-  18.4 

-34.4 

18.0 

18.0 

18.4 

17.8 

100.00 

0.21 

2290.5 

-18.3 

-34 . 3 

18.1 

18.1 

18.3 

17.9 

100.00 

0.15 

ANTENNA*- 

1  LHC 

FREQ 

-RMS  MEIER  illBl 

IHIS- 

_  GZI.IDBI— 

4MH7) 

SUN 

COLD  SKY 

TEST 

AUE 

MAX 

MIN 

_ _ 

15  HB 

S.D. 

2200.5 

-15.5 

-31.5 

17.8 

17.8 

18.0 

17.6 

100.00 

0.15 

2210.5 

-14.8 

-30.8 

17.9 

18.0 

18.2 

17.9 

100.00 

0.12 

2220.5 

-13.1 

-29.0 

17.8 

18.0 

18.1 

17.8 

100.00 

0.10 

2230.5 

-13.4 

-2? ,  2 

17.6 

17.8 

18.0 

17.6 

100.00 

0.11 

2240.5 

-14.5 

-30.3 

17,7 

17.7 

17.8 

17.6 

100.00 

0.08 

2250.5 

-14.3 

-30.0 

17.6 

17.6 

17,8 

17.5 

100.00 

0.08 

2260.5 

-14.3 

-29.9 

17.6 

17.6 

17.8 

17.5 

100.00 

0.10 

2270.5 

-16.5 

-32.2 

17.7 

17.7 

18.0 

17.5 

100.00 

0.20 

2280.5 

17,1 

-32.8 

17.8 

17.7 

18.1 

17.5 

100.00 

0.23 

2290.5 

comments: 

-18,3 

-33. '> 

17.6 

17.6 

17.9 

17.4 

100.00 

0.22 

Table  2.  Antenna  Solar  Calibration,  S-Band,  Antenna  1 

ANTENNA  SOLAK  C AL I Bf;:A I  ION  NUMBER  OF  TESTS  38 


YEAR- -78  JUL 

IAN  HAY- 

151  GMl 

HUUR--22 

MINUTE=--50 

SOLAR  FLUX- 

148.0 

AT  2800, 

,  0  MHZ 

ANtfNNAI  1 

R-HC 

f  FF  a 

THIS 

G/J  iiJiJ-1- 

::_..G£*- 

MH/  ' 

TT'SI 

AVE 

MAX 

MIN 

15  IiB 

S.D. 

2200 . 5 

18.5 

18.0 

18.9 

17.2 

100.0 

0.38 

2210.;. 

18.7 

18.1 

19.1 

17.2 

100.0 

0.42 

2220.5 

18.8 

18.2 

19.2 

17.4 

100.0 

0.47 

2230.5 

18.6 

18.0 

19.0 

17.3 

100.0 

0.48 

2?40.ri 

10,:; 

18.0 

19.1 

17.4 

100.0 

0.41 

2250.5 

18.4 

18.0 

19.0 

17.2 

100.0 

0.41 

2260.5 

18.3 

17.8 

18.8 

17.2 

100.0 

0.41 

2270.5 

18.3 

17.8 

18,6 

17.1 

100.0 

0.46 

2280.5 

18.5 

18.0 

18.9 

17.3 

100.0 

0.41 

2290.5 

18.3 

18,0 

18.9 

17.4 

100.0 

0.38 

ANTENNA*.  1 

LHC 

FREQ 

-lUlU-  - 

-CZl-iUBl. 

.2-*GE*-_ 

1  MHZ  ) 

TESI 

AOE 

MAX 

MIN 

15  DB 

S.D. 

2200.5 

18.3 

18.0 

19.1 

17.2 

100.0 

0.48 

2210.5 

10.6 

18.1 

19.3 

17.3 

100.0 

0.49 

2220,5 

18.2 

18.0 

19,4 

17.2 

100.0 

0.50 

2230.5 

17.7 

17.6 

19,1 

17.2 

100.0 

0.50 

2240.5 

18.3 

17.9 

19.0 

17,0 

100.0 

0.54 

2250.  r» 

18.4 

17.8 

19.0 

17.0 

100.0 

0.52 

2260.5 

18.0 

17.7 

19.0 

17.0 

100. 0 

0.51 

2270.5 

17,8 

17.0 

19.2 

17.0 

100.0 

0.53 

2280.5 

18.0 

17.9 

19.4 

17.0 

100.0 

0.54 

2290.5 

18,4 

17.8 

19.1 

16.9 

100.0 

0.56 
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Table  3.  Antenna  Solar  Calibration.  S-Band,  Antenna  4 


ANTCNNA  SOLAR  CALIBRATION  NUhBER  OF  TESTS  33 

YEAR>7e  JULIAN  DAY-151  GHT  HOUR-22  MINUTE^43 
SOLAR  FLUX-  148.0  AT  2800.0  NHZ 
ANTENNA*-  4  RHC 


FREQ 

-Ibis  — 

_ X.^QE,. _ 

(HHZ) 

TEST 

AVE  , 

MAX 

MIN 

15  DB 

S.D. 

2200.5 

17.9 

17.5 

18.2 

16.8 

100.0 

0.37 

2210.5 

18.3 

17.8 

18.5 

17.0 

100.0 

0.41 

2220.5 

18.3 

17.9 

18.5 

17.0 

100.0 

0.36 

2230.5 

18.1 

17.7 

18.3 

17.1 

100.0 

0.33 

2240.5 

18.0 

17.8 

18.4 

17.0 

100.0 

0.32 

2250.5 

18.1 

17.8 

18.3 

17.0 

100.0 

0.35 

2260.5 

18.0 

17.6 

18.3 

16.8 

100.0 

0.37 

2270.5 

17.7 

17.4 

18.1 

16.7 

100.0 

0.33 

2280.5 

17.8 

17.5 

18.2 

16.9 

100.0 

0.31 

2290.5 

17.6 

17.4 

18.2 

16.7 

100.0 

0.34 

ANTENNA*- 

4  LHC 

FREQ 

_IHIS 

._GZI_iDB4_. 

_  X_,»GE» _ 

(MHZ) 

TEST 

AUE 

MAX 

MIN 

15  DB 

S.D. 

2200.5 

17.8 

17.4 

18.4 

16.6 

100.0 

0.44 

2210.5 

17.9 

17.8 

18.6 

17.0 

100.0 

0.32 

2220.5 

18.1 

17.9 

18.6 

17.2 

100.0 

0.29 

2230.5 

18.0 

17.7 

18.3 

17.1 

100.0 

0.31 

2240.5 

18.1 

17.8 

18.4 

17.1 

100.0 

0.32 

2250.5 

18.1 

17.8 

18.4 

17.0 

100.0 

0.32 

2260.5 

17.8 

17.7 

18.4 

16.8 

100.0 

0.36 

2270.5 

17.8 

17.5 

18.2 

16.5 

100.0 

0.36 

2. ’80. 5 

17,8 

17.5 

18.2 

16.7 

100.0 

0.34 

2JV0.5 

17.6 

17.4 

18.1 

16.3 

100.0 

0.36 

Table  4.  Antenna  Solar  Calibration,  Lower  L-Band,  Antenna  4 

ANTENNA  SOLAR  CALIBRATION  NUMBER 

YEAR-78  JULIAN  DAY-152  GMT  HOUR-22  MINUTE-37 

SOLAR  FLUX  145.0  AT  2800.0  MHZ 

ANTENNA*-  4  RHC 

(  RFO  _  THIS  _  _  GZI  CDBl  7.  .UL,. 

OF  TESTS 

(MHZ) 

TEST 

AUE 

MAX 

MIN 

1 1  DB 

S.D. 

1435.5 

14.2 

13.9 

14.6 

13.1 

100.0 

0.33 

1485.5 

14.1 

13.8 

14.5 

13,1 

100.0 

0.38 

1535.5 

13.8 

13.8 

14.1 

13.4 

100.0 

0. 19 

ANTENNA*- 

4  LHC 

FREtt 

THIS _ 

_  . 

(MHZ) 

TEST 

AUE 

MAX 

MIN 

11  DB 

S.D. 

1435 • 5 

14.2 

13.6 

14.5 

12.7 

100.0 

0.62 

1485.5 

13.9 

13.8 

14.3 

12.5 

too.o 

0.32 

1535.5 

14.0 

13.7 

14.2 

13.1 

lOO.O 

0.31 

Tables  2,  3, 4.  and  5  were  generated  using  this  program.  Another  program  prints  out  all  G/T  values  for  specified 
frequencies  which  meet  the  conditions  specified  above.  This  program  also  calculates  the  averages  and  standard 
deviations  of  the  printed  G/T  values.  Table  6  lists  all  G/T  values  for  2250.5  MHz  on  antenna  4  with  a  solai  Hux 
between  120  and  170  and  a  flux  measurement  frequency  of  2800  MHz.  Table  7  shows  the  average  G'T  values 
and  the  standard  deviations  for  antennas  1  and  4  at  2250.5  MHz  separated  by  solar  tlux  value.  Usually  the  sun 
is  less  stable  as  the  solar  flux  increases,  therefore  the  standard  deviations  should  be  larger  for  increasing  solar  tlux. 
However,  the  standard  deviations  in  table  7  decrease  for  increasing  solar  flux.  The  G/T  values  also  decrease  for 
increasing  solar  flux;  however,  the  decrease  is  small  (0.2  dB  for  three  of  the  four  cases). 


14 
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S(  A  IS  potlottii>  an  S-hand  (I  T  icii  in  aboul  seven  nunutes  (tins  Includes  ilie  lime  it  lakes  lo  enter  data 
and  nianuallv  puini  the  aiiiennah  It  wuuld  take  at  least  30  minutes  lo  manually  measure  the  sun  and  cold  sky 
powers  and  calculate  the  JO  Cj/F  values.  .\ny  manual  statistical  data  analysis  would  be  extremely  time  consuming. 


Tabl«  5.  Antenna  Solar  Calibration,  Upper  L-Band,  Antenna  4 


hn  i  t 

SUl  AK  1  AL 

IBRAT lUN 

NUnbtK 

UV  11 

YEAR  .’0 

Jill 

IAN  Drlt  153  GMT 

HUUR=21 

MINUTE  27 

bUl  Ah  r  1  UX 

14!j. 

0  AI  2800 

.  0  MHZ 

AN  It  NNAI 

4 

RHL 

1  h  L  0 

1015 

Gzl  iUBl. 

1  MH7  ) 

lEST 

AVI 

MAX 

MIN 

13  DB 

S.D. 

1 750 . 5 

16.:.' 

16.0 

16.7 

15.5 

100.0 

0.36 

1800.5 

16.5 

16.3 

17.0 

15.9 

100.0 

0.54 

1850.5 

16.9 

16.6 

17.6 

16.0 

100.0 

0.55 

ANIENNAt 

4 

1  hi: 

FREO 

IHiS 

..G7X  -IDEll. 

<  MM7  ) 

Tt  sr 

AVE 

MAX 

MIN 

_ 

13  DB 

S.D. 

1 750.5 

16.2 

15.9 

16.9 

15.3 

100.0 

0.48 

1800.5 

16.4 

16.3 

17.1 

1  5  a  6 

100.0 

0.43 

1850.5 

17.1 

16.6 

17.5 

15.6 

100.0 

0.58 

Table  6.  Solar  Calibration  Data  Summary,  S-Band,  Antenna  4 


INPUT  COMMAND  LINE 

S  i-i - 3  120  1  TO  L>800-2800  2250.5 - 

SOLAR  CAlltRATION  DATA  SUMMART 


ANTENNA 

4 

MEASUREMENT  FREOUENCY  22 

50.5 

YEAR  JULIAN  DAY 

HOUR 

FLUX  FREO. 

•  FLUX 

LH 

RH 

78 

129 

16 

2800.0 

141.0 

17.2 

17.1 

78 

129 

19 

2800.0 

141.0 

17.6 

17.6 

78 

130 

22 

2800.0 

127.0 

17.9 

17.9 

78 

132 

20 

2800.0 

131.0 

17.6 

17.7 

78 

132 

19 

2800.0 

135.0 

17.9 

17.5 

78 

133 

17 

2800.0 

135.0 

18.1 

18.0 

78 

133 

20 

2800.0 

137.0 

18.1 

18.2 

78 

133 

*72 

2800.0 

137.0 

18.1 

18.1 

78 

135 

18 

2300.0 

143.0 

18.0 

17.9 

78 

136 

18 

2800.0 

149.0 

17.7 

17.8 

78 

138 

16 

2800.0 

150.0 

17.0 

17.4 

78 

142 

18 

2800.0 

135.0 

18.1 

17.7 

78 

144 

23 

2800.0 

145.0 

17.9 

17.9 

78 

151 

22 

2800.0 

148.0 

18.1 

18.1 

78 

152 

22 

2800.0 

145.0 

18.0 

18.1 

78 

179 

'1 2 

2800.0 

168.0 

17.7 

17.7 

78 

181 

21 

2800.0 

149.0 

17.4 

17.2 

78 

201 

23 

2800.0 

141  .0 

17.8 

17.5 

78 

338 

23 

2800.0 

169.0 

17.7 

17.9 

78 

354 

22 

2800.0 

143.0 

17.6 

18.0 

IF  MORE 

DATA  MOUNT 

NEXT 

FLOPPY  AND 

TYPE  Y 

OTHERUISE  type  N 
N 


NUMBER  or  RUN5=  20  AVERAGE  17.8  17.8 

STANDARD  DEVIATION  0.29  0.30 
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Table  7.  Solar  Calibration  Means  and  Standard  Deviations.  2250.5  MHz 
(All  Averages  (AVE)  and  Standard  Deviations  (SO)  Are  in  Decibels) 


ANT  1  1 

ANT  4 

Solar  Flux 

No. 

f 

No. 

Range 

of 

LCP 

RCP 

of 

LCP 

RCP 

(2800  MHz) 

Tests 

Tests 

AVE 

so 

AVE 

SD 

AVE 

SO 

AVE 

SD 

102  1 19 

13 

18.0 

0  54 

18.1 

0  42 

8 

17  9 

0  34 

17  9 

0  36 

120- 170 

14 

17.9 

0.48 

17  9 

0.41 

20 

17.8 

0  29 

17.8 

0.30 

171-207 

6 

17.4 

0.26 

17.9 

0  25 

6 

17.7 

0  1 1 

17.7 

0.27 

INTERMEDIATE  FREQUENCY  SNR  TEST 

This  test  determines  the  RF  powers  which  give  SNRs  in  the  receiver  second  IF  of  0  and  10  dB.  This  data 
is  then  used  to  calculate  the  effective  system  noise  temperature  from  the  equation; 

N  =  KTB  or  T  =  ^  (2 

KB 


N  =  noise  power  =  signal  power  at  0  dB  IF  SNR 
K  =  Boltzmann's  constant 
T  =  Effective  system  noise  temperature  (°K) 

B  =  IF  bandwidth  in  hertz 

The  system  noise  figure  is  then  calculated  from 

F=1+_I-  (3 

290°  ' 

This  test  uses  the  RF  signal  generator,  RF  power  meter,  counter,  telemetry  receiver,  rms  meter,  RF  distribution 
unit,  and  the  discrete  relays  (see  figure  5).  The  IF  SNR  test  can  be  performed  at  lower  L-band  and  at  S-band. 


Figure  5.  Receiving  System  Sensftivity 
Test  (IF  SNR)  Configuration. 


The  tesi  proeedure  is  to  inseii  a  kimwn  RF  power  into  the  antenna  pieamphliei,  ineasuie  the  II  SNR.  and 
then  extrapolate  to  the  0  and  10  dB  IF  SNR  power  levels.  The  RF  geneiator  is  then  set  to  the  expected  power 
level  and  the  IF  SNR  is  measured.  If  it  is  within  1.0  dB  of  the  desired  IF  SNR,  the  RF  power  for  the  desired 
SNR  is  calculated  by  subtracting  the  SNR  error  from  the  measured  RF  power. 

If  the  measured  value  is  not  within  1.0  dB  of  the  desired  value,  a  new  estimate  of  RF  power  for  the  desired 
SNR  is  made,  the  RF  generator  output  power  is  changed,  and  the  measurement  repealed.  The  measurement 
procedure  is: 

1 .  Point  antenna  at  cold  sky  (away  from  sun  and  other  signal  sources). 

2.  Set  RF  generator  to  desired  power. 

3.  Measure  power  with  RF  power  meter. 

4.  "Freeze"  gain  of  receiver. 

5.  Measure  rms  voltage  in  receiver  linear  10  MHz  output  of  both  receiver  channels  (S  +  N). 

6.  Set  RF  generator  output  to  minimum  power. 

7.  Measure  rms  voltage  in  receiver  linear  10  MHz  output  of  both  receiver  channels  (N). 

(S  +  N)-  -  N- 

8.  Calculate  IF  SNR  from:  IF  SNR  - - ^ - 

N- 

9.  Display:  10  log  (IF  SNR). 

The  sources  of  error  are  the  same  as  for  the  antenna  figure  of  merit  test  except  that  the  errors  due  to  solar 
flux  inaccuracies  are  replaced  by  errors  due  to  inaccuracies  in  cable  loss,  connector  loss,  power  meter  errors,  etc. 
The  IF  SNR  accuracy  is  about  +0.5  dB. 

A  typical  IF  SNR  test  output  is  shown  in  table  8.  The  output  includes  the  time,  RF  frequency,  IF  band¬ 
width,  and  antenna  number.  The  RF  power  which  gives  a  0  and  a  10  dB  SNR  for  each  receiver  channel  is  dis¬ 
played  along  with  the  calculated  noise  figure,  noise  temperature,  and  estimated  G/T.  The  short-term  IF  SNR 
repeatability  is  shown  in  table  9.  Four  tests  were  performed  in  a  span  of  about  12  minutes.  The  results  with 
a  -10  dBm  RF  generator  output  are  displayed.  The  data  spread  is  +0.01  dB.  This  experiment  has  been  repeated 
several  times  with  similar  results.  A  comparison  between  the  results  of  an  IF  SNR  test  and  a  G/T  test  performed 
within  a  few  minutes  of  each  other  is  shown  in  table  10.  The  estimated  G/T  agrees  with  the  measured  G  T 


Table  8  SCATS  IF  SNR  Test  Output 

YEAR  =  79  JULIAN  HAY- 159  H0UF<  =  1’2  MINUIE  =  49 
f REQ<MHZ>=2250.5  IlhU ( KHZ ) *1500  UIMEO  RWiKHZ )=1000 
ANTENNA  NUMBER  3 


CHANNEL  1 

ES1 .  G/T(DB) 

TFSNRdiB) 

RT 

GENtDB)  RF  F  OUFR(tiBM) 

NOISE 

F IGUREtDB) 

NOISE  lEMR(K) 

<C>=42.5  DB) 

0 

-38.0  -111.7 

3.3 

324. 

17.4 

10 

-27.0  -101.5 

3.4 

343. 

17.1 

CHANNEL  2 

E51  .  G/KDB) 

IFSNR(DB) 

RF 

GENtDB)  RF  ROWER (DBM) 

NOISE 

F IGUREtDB) 

NOISE  TEMF(K) 

(0^=42. 5  DB) 

0 

-38.0  -111.9 

3.2 

310. 

17.6 

10 

-28.0  -101.7 

3.3 

324. 

17.4 

comments: 

17 


Table  9.  IF  SIMR  Repeatability  (Antenna  1,  1.5  MHz  IF  BW) 


Run 

RF  Power  (dBm) 

LCP 

SNR  (dB) 

RCP 

SNR  (dB) 

1 

85  75 

26.85 

26  48 

2 

■85.75 

26  86 

26  49 

3 

■85.75 

26.86 

26  50 

4 

85.75 

26.86 

26  50 

Table  10.  Comparison  Between  Results  of  IF  SNR  Test  and  G/T  Test 


IF  SNR  (dB) 

RF  Power  (dBm) 

System  Noise 
Temp.  (°K) 

G  =  42.5  dB 
EST.  (G/T)  (dB) 

G/T  Test  (dB) 

11/6/78 

Ave. 

0 

■112.3 

285 

17.95 

17  8 

18.0 

10 

■102.3 

286 

17.94 

ANTENNA  1  RCP  11/6/78 

2250.5  MHz  1.5  MHz  IF  BW  (IF  SNR  TEST) 


within  0.15  dB.  The  average  agreement  of  the  two  tests  is  better  than  +0.5  dB.  Since  the  G/T  test  uses  the 
entire  receiving  system  and  the  If-  SNR  test  only  uses  the  part  of  the  receiving  system  starting  with  the  pre¬ 
amplifier,  the  two  tests  can  be  used  together  to  isolate  a  failure  in  either  the  hardware  in  front  of  the  preamplifier 
or  the  equipment  starting  with  the  preamplifier.  The  IF  SNR  test  results  can  also  be  used  to  calibrate  the  AGC 
voltages  of  the  receivers.  The  operator  can  set  the  IF  SNR  to  42  dB,  to  noise  (no  RF  signal),  or  can  start  a 
calibration  in  6-dB  steps. 


PULSE  CODE  MODULATION  BIT  ERROR  PROBABILITY  TEST 

This  test  determines  the  bit  error  probability  (BtP)  versus  RF  power  performance  of  the  equipment  under 
test.  The  BIT’  test  can  currently  be  performed  only  for  nonreturn-to-/.cro-level  (NRZ-L)  FM  formats  but  will  be 
expanded  to  include  at  least  .Manchester  and  I’M  formats.  The  BFP  test  can  he  performed  bv  inserting  atr  RF  sig¬ 
nal  into  either  an  antenna  preamplifier  or  directly  into  a  telemetry  receiver.  The  antenna  system  output  (if  an 
antenna  is  used)  is  patched  to  the  receiver(s)  to  be  tested  and  the  antenna  is  pointed  at  the  ci'ld  sky.  The  icceivei 
output  is  either  connected  to  one  of  the  SCAT,S  data  inputs  or  to  a  tape  recorder  (or  both).  If  a  tape  recorder  is 
used,  its  output  is  patched  to  one  of  the  .SCATS  data  inputs.  SCATS  accepts  450-  and  400-kH/.  FM  predetection 
and  video  signals  at  its  data  inputs.  The  predetection  signals  are  first  demodulated  using  a  pulse-averaging  dis¬ 
criminator  and  then  applied  to  the  PCM  bit  synchronizer.  The  video  signals  are  applied  directly  to  the  bit  synchro¬ 
nizer.  The  reconstructed  data  and  clock  from  the  bit  synchronizer  are  connected  to  the  PCM  test  set  lot  error 
detection.  The  counter  displays  the  ratio  of  bit  errors  to  bits  received  (bit  error  probability).  A  block  diagram  of 
the  equipinenl  interconnections  for  this  lest  is  shown  in  figure  6.  The  lest  sequence  is: 

I.  The  test  operator  first  loads  the  proper  SCATS  data  file.  The  RF  frequency,  PCM  bit  rate,  peak  RF  deviation, 
and  counter  time  base  exponent  are  set  using  the  data  from  this  file.  The  operator  then  enters  the  number 
of  the  antenna  being  used  (if  one  is  used),  the  data  type,  the  tcceivev  IF  bandwidth,  the  receiver  number 


and  channel,  the  tape  recorder  number  and  track  (if  a  recorder  is  used),  and  the  RF  power  step  si/e  (1,2, 
3,  4,  etc.,  dB).  A  sample  data  entry  is  shown  in  figure  7.  The  data  entered  by  the  test  operator  is  under¬ 
lined. 

2.  The  RF  generator  and  the  telemetry  receivers  are  set  to  the  desired  frequency  and  the  necessary  manual 
patching  is  done. 

3.  The  RF  generator  frequency  deviation  is  set  to  the  proper  value  as  follows:  The  PCM  data  stream  is 
connected  to  the  programmable  gain  amplifier  and  the  amplifier  output  is  applied  to  the  modulation  input 
of  the  RF  generator.  This  amplifier  includes  two  2-inpui  N.AND  gates  through  which  the  K'M  data  passes. 
The  amplifier  gain  is  first  set  to  unity  (the  gain  of  the  amplifier  can  be  set  to  any  gain  between  0.006  and 


figure  6.  Bit  Error  Protratiihty 
Test  Configuration. 


IS  ON  ANItNNA  TO  BE  USEDf  (Y  OR  N)  Y 
TYRE  ANTENNA  NUMBER  J. 

WILL  EXTERNAL  EQUIPMENT  BE  TESTEDY  TYPE  Y  OR  N t  Y_ 

FOR  SCATS  EXTERNAL  INPUT  2 

ENTER  BATA  TYPE: 

0  =  OIBEO. 

1  =  PRE-B  -tSO. 

2  =  PRE-B  900.  _0_ 

ENTER  RECEIVER  I.F.  BANBUI BTH( KH7 )  1500 

ENTER  EXTERNAL  RECEIVER  NUMBER  USEB  WITH  INPUT  ? i  _99_ 

ENTER  CHANNEL  NUMBER  (1-  2r  OR  3  FOR  COMBINEln:  J_ 

WILL  AN  EXTERNAL  TAPE  RECORDER  BE  USEB  WITH  INPUT  2Y  I YPf  Y  OR  N :  _N 
CABLE  LOSS-  -72.90  NOISE  EIC.=  3 
RE  POWER  STEP.  IN  BBt  _1_ 

INPUT  2  -RECEIVER  99  CH  1 


Figure  7.  Bit  Error  Probability  Test  Data  Entry. 
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1.0  by  the  following  formula,  gain  =  0.995*;  0  <  X  <  1023).  The  data  output  is  set  to  the  high  state  and 
the  RF  frequency  is  counted.  The  data  output  is  then  reset  to  the  low  state  and  the  RF  frequency  again 
counted.  The  gain  of  the  amplifier  is  then  set  to  the  ratio  of  the  desired  peak-to-peak  frequency  deviation 
to  the  difference  between  the  above  counter  readings.  The  deviation  is  checked  by  setting  and  resetting  the 
data  output  and  determining  the  actual  frequency  deviation.  If  it  is  within  a  predetermined  tolerance,  the 
test  continues;  if  not,  a  new  gain  is  calculated  and  the  deviation  is  again  checked,  etc. 

4.  The  necessary  intercormections  to  measure  the  BEP  are  made  and  the  RF  generator  is  set  to  a  power  level 
which  should  produce  no  errors.  The  error  probability  is  measured  and  the  test  continues  if  the  BEP  is  less 
than  10'^.  If  there  are  too  many  errors  an  error  message  to  that  effect  appears  and  the  test  is  stopped  until 
the  problem  is  corrected. 

5.  If  the  system  passes  the  initial  BEP  test,  the  RF  power  is  set  to  give  about  a  13  dB  IF  SNR  for  a  specified 
system  noise  temperature  and  the  IF  bandwidth  being  used.  The  RF  power  is  varied  in  integral  steps  (step 
size  determined  by  operator).  The  BEP  is  measured  for  each  RF  power  level  and  displayed  along  with  the 
theoretical  BEP.  The  theoretical  BEP  is  calculated  from;^ 

Theoretical  BEP  =  0.5  e"^  (4) 

where  p  =  IF  SNR  (expressed  as  power  ratio). 

This  equation  is  only  an  approximation  but  is  quite  accurate  for  NRZ-L  FM  formats  with  optimum  frequency 
deviation  (af  ~  0.35  times  the  bit  rate)  and  an  IF  bandwidth  of  approximately  1.5  times  the  bit  rate  (see  figure 
8).  A  noise  figure  of  3  dB  is  assumed  for  the  antenna  systems.  This  gives  an  IF  SNR  of  0  dB  at  -114.0  dBm 
when  using  a  1 .0  MHz  IF  bandwidth. 

A  sample  BEP  test  output  is  shown  in  table  11.  The  comments  line  allows  the  test  operator  to  enter  any 
supplemental  information  about  the  test.  The  comments  are  stored  along  with  the  data  and  are  printed  when  the 
data  is  recalled  from  storage.  Examination  of  this  data  shows  that  the  experimental  values  are  slightly  better  than 
the  theoretical  values.  This  is  caused  by  the  fact  that  the  IF  filter  characteristics  attenuate  the  signal  sidebands 
more  when  the  bit  rate  to  IF  bandwidth  ratio  is  large  (peak  deviation  assumed  to  be  0.35  times  the  bit  rate). 
Therefore,  the  theoretical  equation  changes  as  a  function  of  the  ratio  of  the  bit  rate  to  the  IF  bandwidth.  A 
better  equation  for  conditions  where  the  ratio  of  the  bit  rate  to  the  IF  bandwidth  is  less  than  one-half  is;^ 

Theoretical  BEP  =  0.35  e'^  (5) 


Figure  9  shows  the  two  theoretical  curves  overlayed  on  BEP  test  results  with  bit  rate  to  IF  bandwidth  ratios  of 
0.25,  0.5,  0.75,  and  1.0.  Table  12  compares  the  IF  SNR  calculated  from  the  measured  system  noise  temperature 
(310°  K)  and  from  the  measured  BEP  using  equation  (5).  The  IF  SNR’s  calculated  from  the  noise  temperatures 
and  from  the  BEP  data  agree  within  0.3  dB. 

The  absolute  accuracy  of  the  BEP  test  is  better  than  +0.5  dB  and  the  short  term  repeatability  is  about 
+  0.1  dB  (for  100  or  more  bit  errors  per  measurement  interval).  The  time  it  takes  to  run  a  BEP  test  is  a  function 
of  the  RF  power  step  size  and  the  ratio  of  the  bit  rate  to  the  measurement  interval  in  bits.  A  typical  BEP  test 
can  »e  performed  in  three  minutes  or  less.  The  PCM  test  set  output  can  also  be  connected  directly  to  the  PCM 
bit  synchronizer  to  test  the  PCM  subsystem  alone. 


^Mischa  Schwarlr.  William  R  Bennett,  and  Seymour  Stein.  Conominicalion  Systems  and  Techniques.  "  McOtav-Mill, 
Sew  York.  NY.  1966.  p.  338. 

Nicliols,  M  H.  Analvsis  anJ  Test  Results  of  a  fiyhrid  K'M.  hM  Suhearrier  Raschatuj  Multiplex  on  an  h.M  Carrier/' 
Internationa]  I elemetcrinp  Conference,  1974,  p.  230-6. 
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BEP 


Table  11.  Bit  Error  Probability  Test  Output 
YEAR  =  79  JULIAN  IiAY  =  152  HC)UR  =  2.?  MINUTE^'!.! 

BIT  rate:  615.7  KBS/SEC  PEAK  BEU:  227.7  hH7  HEN  TER  FREQ  1 2250.5  MH2 
i.F.  banduiiith:  1500  khz 
RECEIVER  UltiEO 


RECEIVER  NUMBER  99  CHANNEL  1 
ANTENNA  NUMBER  1 


■OUERtBBM.  ) 

TEST  RESULT 

THEOR . (  3  BB 

-107.6 

2.25E-02 

2.76E-02 

-106.6 

1 .05E-02 

1 .29E-02 

-105.6 

3.99E-03 

5. 18E-03 

-104.7 

1 . 19E-03 

1 .61E-03 

-103.6 

2.55E-04 

3.58E-04 

-102.7 

4.20E-05 

6.21E-05 

-101 .7 

7.00E-06 

6.54E-06 

-100.8 

5.00E-06 

3.93E-07 

-99.8 

O.OOE-01 

1 .03E-08 

-98.8 

O.OOE-01 

1 .29E-10 

comments: 


ARCHIVE  BArA"?  Y 


21 


I 


BIT  RATES 

O  250  Kb/s 
X  500  Kb/s 
□  750  Kb/s 
•  1000  Kb/s 

IF  8W  -  1  MHz 

PEAK  DEVIATION  *  a35  x  BIT  RATE 


Figure  9  Bit  Error  Probftbility  Venus  IF  SNR 
for  Several  Bit  Rate  to  IF  BW  Ratios. 


IF  SNR  (dB)  (p) 


Table  12.  Comparison  of  IF  SNR  Calculated  From  BEP  Test  Results 
With  IF  SNR  Calculated  From  Measured  Noise  Temperature 


Calculated  IF  SNR  (dB) 

RF  Power  (dBm) 

From  BEP  Data 

From  Noise  Temperature 

107  6 

4  38 

4  33 

106  6 

5.45 

5.34 

1056 

6  51 

6.31 

104  7 

7.55 

7.30 

103  6 

8.59 

8.31 

NOISE  POWER  RATIO  TEST 

This  lest  measures  the  noise  power  ratio  of  the  telemetry  system  under  test.  The  noise  power  ratio  is 
determined  by  the  video  SNR  and  intermodulation  distortion  at  a  particular  frequency  and  can  be  used  to  estimate 
the  data  quality  o(  an  KM/FM  multiplex.'^  The  noise  power  ratio  test  is  very  sensitive  to  certain  types  of  non- 
linearities  and  also  to  noise. 

The  telemetry  system  is  tested  using  a  noise  generator  and  a  noise  receiver.  The  noise  generator  modulates 
the  RF  generator  and  video  data  is  applied  to  the  noise  receiver.  The  noise  generator  has  several  notch  (band- 
reject)  filters  and  the  noise  receiver  has  narrow  band-pass  filters  at  the  same  center  frequencies.  A  band-pass 
filler  is  selected  and  the  power  in  the  passband  is  measured.  The  matching  notch  filter  is  then  inserted  in  the 
noise  generator  and  the  power  in  the  passband  is  again  measured.  The  ratio  of  these  powers  (expressed  in  dB)  is 
the  NPR.  Next,  the  noise  generator  is  turned  off  and  the  power  in  the  passband  is  again  measured.  The  ratio  of 
the  first  power  measurement  to  this  power  is  called  the  noise  power  ratio  floor  (NPRF).  This  test  displays  the 
NPR  and  NPRF  at  predetermined  frequencies  in  the  video  spectrum.  The  test  conditions  are  entered  by  the  same 
priK'ess  used  in  the  BFP  tests. 

The  NPR  test  uses  all  of  the  SCATS  equipment  except  the  PCM  test  set  (see  figure  10).  The  rms  RF 
frequency  deviation  is  set  by  a  procedure  which  is  an  extension  of  the  RF  deviation  routine  of  the  BhP  test.  The 
rms  deviation  is  used  because  the  rrns  voltage  of  a  gaussian  signal  is  easy  to  measure.  The  RF  deviation  routine 
sets  the  peak-to-peak  frequency  deviation  of  the  RF  generator  equal  to  twice  the  desired  rms  deviation.  The  fact 
that  the  iins  and  peak  of  a  two-valued  waveform  (where  each  value  is  equally  probable)  arc  equal  is  then  used. 

The  PI  M  data  rale  is  set  to  100  kilobits  per  second  and  the  rms  value  of  the  RF  generator  modulation  input  is 
measured.  The  noise  generator  is  then  applied  to  the  RF  generator  modulation  input  (the  PCM  is  removed  from 


Figure  W  Noi%c  Power  Ratto 
(NPR)  Test  Confiifuration. 
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the  modulation  input)  and  the  rms  value  of  the  noise  is  set  equal  to  the  rms  of  the  PCM  data.  This  sets  the  rms 
deviation  with  the  noise  equal  to  the  peak  deviation  with  the  PCM  as  was  desired  The  RF  generator  is  then  set 
to  maximum  output  power  and  the  NPR  and  NPRF  of  the  system  under  test  are  measured.  Two  RF  power 
options  are  available  for  the  NPR  test: 

1.  Maximum  RF  power  only. 

2.  RF  power  varied  in  5  dB  steps. 

Table  13  shows  a  sample  NPR  test  output  with  the  RF  power  varied  in  5  dB  steps.  The  RF  power  for  a  0  dB 
IF  SNR  is  about  -112  dBm.  One  of  the  important  features  of  this  test  is  that  it  can  show  how  much  noise  and 
distortion  a  tape  recorder  is  adding  to  the  system.  This  is  done  by  running  NPR  tests  (at  maximum  RF  power) 
on  both  the  input  and  output  of  the  tape  recorder.  Table  14  shows  the  NPRs  at  the  input  to  the  recorder  and 
table  15  shows  the  NPRs  at  the  output  of  the  recorder.  The  NPRs  at  the  recorder/ reproducer  output  are  9-  to 
13-dB  worse  than  the  NPRs  at  the  input.  Since  the  NPR  values  are  only  about  1  dB  lower  than  the  NPRF  values, 
the  tape  recorder  noise  dominates  the  distortion.  Since  the  tape  recorder  SNR  is  in  the  neighborhood  of  25  dB, 
the  NPRs  should  be  about  the  same  as  the  NPRs  at  -88.8  dBm  in  table  13.  They  agree  within  3  dB. 


Table  13.  Noise  Power  Ratio  Test  Output  (5  dB  RF  Power  Steps) 
YEAR=79  JULIAN  DAY’ISS  H0UR=22  MINUTE=13 

RECEIVER  NUMBER  99  CHANNEL  1 
ANTENNA  NUMBER  1 


CENTER  FREQ-  2250.5  MHZ  IF  BANDUIBTH=  1500  KHZ  RF  RMS  riFV=  124.7  KHZ 
RECEIVER  VIDEO 

NFR/NPRF(DB. ) 


RF  FUR  16  KHZ 


-68.7  DB 
-73.3  DB 
-78.7  DB 
-83.6  DB 
-88.8  DB 
-93.6  DB 
-98.8  DB 

comments: 


53.5/62.5 
53.0/61  .5 
52.5/59.0 
51.5/55.0 
48.5/50.5 
45.0/45.5 
40.5/40.5 


40  KHZ 


50 . 5/55 . 5 
50.0/53.5 
48.0/50.5 
44.5/45.5 
40.5/41.0 
37.0/36.0 
31 .0/30.5 


70  KHZ 


48.0/51.0 
46.5/49.0 
44.5/45.5 
41.0/41.0 
36 . 5/36 . 5 
31.5/32.0 
25.5/26.0 


98  KHZ 


46.0/48.5 

45.0/46.5 

42.0/43.0 

37.5/38.0 

32.5/33.0 

28.0/28.5 

23.0/23.0 


140  KHZ 


43.5/46.0 

42.0/43.5 

39.0/39.0 

35.0/35.0 

30.0/29.5 

25.0/25.0 

20.5/20.5 


185  KHZ 


42.5/44.5 
41 .0/41 .5 
37.5/37.5 
32.0/32.0 
27.5/27.5 
23.0/22.5 
17.5/17.5 


ARCHIVE  DATA'?  Y 


Table  14.  Noise  Power  Ratio  Test  Results  at  Recorder/Reproducer  Input 

YEAR=79  JULIAN  DAY=155  H0UR=23  MINUTE=  6 

RECEIVER  NUMBER  99  CHANNEL  1 
ANTENNA  NUMBER  1 

CENTER  FREQ-  2250.5  MHZ  IF  BANDUIDTH=  1500  KHZ  RF  RMS  DEV=  123.2  KHZ 
FRE-D  FREQ  =  900  KHZ 

NF'R/NPRF(DE.  ) 

RF  PUR  16  KHZ  40  KHZ  70  KHZ  98  KHZ  140  KHZ  185  KHZ 

-68.7  DB  54.0/61.0  50.0/53.5  46.5/49.0  43.5/46.0  41.5/43.5  39.0/41.0 

comments: 

AR-CHIVE  DATA'?  Y 
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Tabu  15.  NoiM  Poiwar  Ratio  Taat  Raiultt  at  Racordar/Raproducar  Output 

YEAR=7y  JULIAN  DAY=155  H0UR=23  MINUTE*  6 

RECEIVER  NUMBER  99  CHANNEL  1 

ANTENNA  NUMBER  1 

TAPE  RECORDER  3010  TRACK  2 

CENTER  FRE0=  2250.5  MHZ  IF  BANDWIDTH*  1500  KHZ  RF  RMS  DEV*  123.2  KHZ 


PRE-D  FREQ 

*  900  KHZ 

NPR/NPRF(DB. ) 

RF  PUR 

16  KHZ 

40  KHZ 

70  KHZ 

98  KHZ 

140  KHZ  185  KHZ 

•68.7  DB 

45.0/45.5 

39.5/40.5 

34.5/36.0 

32.5/33.0 

29.0/29.5  26.0/27.0 

comments: 

ARCHIVE  DATA?  Y 


The  test  data  shown  in  Uble  13  took  about  12  minutes  to  generate.  The  daU  shown  in  table  14  took  about 
three  minutes  to  generate.  This  is  about  one-fifth  of  the  time  it  would  take  to  perform  the  test  manually.  The 
test  results  can  also  be  stored  for  later  retrieval.  The  NPR  is  displayed  in  0.5  dB  increments  and  the  accuracy  is 
about  +1 .0  dB.  The  noise  generator  can  be  connected  directly  to  the  noise  receiver  to  test  the  NPR  subsystem. 
The  results  of  a  back-to-back  NPR  test  are  shown  in  table  16. 


Table  16.  Functionat  Noise  Power  Ratio  Test  Results  iBack-to-Back  Test) 

YEAR=79  JULIAN  DAY=159  H0UR=22  MINUTE=49 

NFR/NFRF<IiB.  ) 

16  KHZ.  40  KHZ.  70  KHZ.  98  KHZ.  140  KHZ.  185  KHZ. 

74./  79.  77./104.  78./105.  81./105.  77./105.  78./105. 


TAPE  RECORDER  FREQUENCY  RESPONSE  TEST 

SCATS  can  also  measure  the  frequency  response  of  a  tape  recorder/reproducer  chaimel.  First,  the  output 
of  the  function  generator  is  connected  to  both  the  rms  meter  and  the  recorder  input.  The  frequency  is  varied  and 
the  amplitude  measured  at  each  frequency.  The  rms  meter  is  then  connected  to  the  reproducer  output,  the 
recorder  is  started  and  placed  in  record  mode,  the  frequency  is  varied,  and  the  recorder/reproducer  output  voltage 
is  measured  at  each  frequency.  The  ratio  of  the  output  voltage  to  the  input  voltage  is  calculated  for  each  frequency. 
The  frequency  response  is  the  ratio  of  the  output/input  ratio  divided  by  the  output/input  ratio  at  10  percent  of 
upper  bandedge.  This  is  displayed  in  decibels  along  with  the  input  frequencies  and  the  input  and  output  voltages. 

A  sample  tape  recorder/reproducer  frequency  response  output  is  shown  in  table  17. 


INSTRUMENT  TESTS 

SCATS  also  has  the  capability  of  writing  data  to  or  reading  data  from  each  piece  of  test  equipment.  This 
is  used  for  equipment  troubleshooting.  The  instrument  interface  cards  can  also  be  written  to  and  read  by  this 
routine.  The  interface  had  three  integrated  circuit  failures  in  about  3,000  hours  of  operation.  Tlie  problems 
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Table  17.  SCATS  TR  FR  T«t  Output 


YEAR  = 
TAFE 


79  JULIAN 

DAY<110  HOUR* 

>18  NINUTE> 

CHANNEL  2 

PRE-D  900  TAPE  SPEEIi 

votn 

FREQtHZ) 

INPUT 

OUTPUT 

OUTPUT/IMt 

400. 

0.622 

0.734 

1.180 

1000. 

0.620 

0.883 

2.820 

5000. 

0.620 

0.695 

0.740 

10000. 

0.622 

0.688 

0.620 

50000 . 

0.627 

0.626 

-0.280 

100000. 

0.628 

0.623 

-0.330 

200000. 

0.633 

0.652 

0.000 

500000 . 

0.621 

0.616 

-0.330 

750000 . 

0.591 

0.558 

-0.760 

1000000. 

0.552 

0.515 

-0.860 

1400000. 

0.477 

0.467 

-0.430 

leooooo. 

0.414 

0.390 

-0.760 

2000000. 

0.402 

0.314 

-2.400 

120 


were  quickly  iruced  down  and  the  bad  integrated  circuits  found  and  replaced.  There  have  been  several  tailuies 
of  the  commercial  test  equipment.  There  were  two  failures  between  I  April  and  31  December  I^Tb,  A  relay  in 
the  attenuator  driver  of  the  RF  generator  failed  and  was  replaced,  and  the  rnis  meter  tailed  and  was  replaced  b> 
the  back-up  unit.  The  S-volt  AC  to  DC  power  supply  in  the  telemetry  receiver  failed  in  late  July  I97d.  The 
receiver  was  kept  operational  by  the  substitution  of  a  S-volt  laboratory  power  supply.  SCATS  has  been  quite 
reliable  but  additional  spare  equipment  is  needed  to  increase  the  probability  of  SCATS  being  available  whenever 
It  is  needed. 


CONCLUSIONS 

The  conclusions  reached  after  analyzing  the  SCATS  performance  arc: 

1.  SCATS  provides  a  fast,  accurate  test  of  the  operational  status  of  telemetry  ground  station  receiving  and 
recording  equipment. 

2.  The  speed  and  accuracy  advantages  of  automated  testing  over  manual  testing  make  automated  testing  very 
cost-effective  in  a  “busy”  telemetry  ground  station. 


RECOMMENDATIONS 

1.  Systems  similar  to  SCATS  should  be  installed  at  all  telemetry  receiving  and  recording  stations  where  fast, 
accurate  tests  of  the  station’s  operational  status  are  necessary. 

2.  The  IEEE488  Interface  should  be  used  whenever  possible.  The  system  controller  should  be  optimized  for 
use  with  the  IEEE488  Interface. 

3.  Spares  should  be  available  for  all  essential  equipment. 
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APPENDIX  A 


INTERFACE  BETWEEN  MINICOMPUTER  AND  TEST  EQUIPMENT 


GENERAL  DESCRIPTION 


Coinnuinications  between  the  Digital  Equipment  Corporation  (DhC)  PDP-1 1  iiiinicoinpiiter  and  the  instru¬ 
ments  is  via  an  in-ltouse  designed  and  fabricated  "Port  Lxpander”  interface.  A  standard  DLC  DRl  l-(  t/eneral 
Purpose  Parallel  Interface  Card  is  installed  in  the  coniputer.  which  provides  a  single  l6-bit  paiallcl  digital  input 
output  port  plus  some  status  and  control  signals  (bits).  The  Port  hxpandei  e.xparids  this  to  a  maximum  ol  25b 
Ib-bii  parallel  TTL-Conipaiible  Interface  ports,  each  with  its  own  interrupt  and  trigger-out  signals,  aiianged  in  a 
16x16  matri.x  structure.  Physically,  these  ports  are  small  individual  printed  cards,  called  register  cards,  which 
are  installed  in  a  rack-mounted  card  cage.  Standard  test  instruments  with  TIL  interface  capabihis  (B(  I).  binary, 
or  otherwise)  can  then  be  interfaced  to  these  register  cards.  By  this  approach,  the  computer  <.an  communicate 
with  a  large  number  and  wide  variety  ol  lest  iiisirumeiits,  and  unique  interfaces  are  physically  lemoved  from  the 
restricted  space  of  the  computer  mainframe. 

The  Port  Pxpander  is  thus  a  large  digital,  two-way  multiplexer  between  many  instruments  and  one  computer 
The  following  were  primary  goals  in  the  design  of  the  Port  l-.xpander: 

•  Easy  expansion  capability. 

•  Ability  to  interlace  to  a  wide  variety  of  test  instruments,  including  relays. 

•  Fast  response  to  any  register  card  in  the  matrix. 

•  .■\bility  to  detect  errors. 

•  Fiasy  repair  of  any  failures. 

The  Port  Fxpander  can  be  implemented  as  a  full  16  block,  16  cards-per-block  (total  of  256  cards)  matrix,  oi  any 
subset  (fewer  blocks,  partial  blocks).  A  partial  matri.x  can  be  built  initially,  and  can  be  expanded  at  any  latei 
time.  All  register  cards  are  identical  and  may  interface  directly  to  the  inslrument,  or  ria  Instrument  Interface 
Cards  (IIC■s),  for  which  there  is  also  room  in  the  card  cage.  The  UC's  are  individually  designed  tor  any  unique 
requirements,  such  as  high  current  drive,  level  changes,  or  inversions,  etc.  There  are  two  features  in  the  Port 
Fxpander  of  special  interest:  the  Interrupt  Request  (IRFQ)  system  and  the  Interrupt  Read  (late  (IRfi)  system. 
The  IRFO  system  provides  a  hardware  vectored  in'errupt  from  any  register  card  in  the  matrix  in  equal  time,  and 
includes  a  slack  for  multiple  interrupts.  Thus,  no  software  polling  is  required,  and  every  interrupt  is  handled  with 
equal  response  time.  The  IRC  system  provides  a  hardware  check  on  addressing  and  reading  data  from  the  register 
cards.  It  continuously  monitors  those  operations,  and  raises  a  (lag  to  the  coniputer  if  and  only  if  there  is  an 
error;  otherwise,  the  IRC  system  is  transparent  and  causes  no  delay  to  the  Port  Fxpander  operation.  Because  the 
Fxpander  is  modular  in  design,  the  register  cards  are  identical,  and  error  detection  is  built  into  the  system,  any 
failures  are  easily  located  and  repairs  are  usually  in  the  form  of  card  swapping. 

Two  Port  Fxpander  systems  have  been  built,  and  have  been  in  continuous  operation  since  1976.  They  are 
the  Automated  Test  System  (ATS)  in  the  Instrumentation  Division.  Code  1 174,  and  the  Self-Check  .Automated 
Telemetry  System  (SCATS)  installed  in  the  PACMISTFiSTCFN's  operational  telemetry  receiving  and  recording 
station  located  in  Building  738.  Their  operation  has  demonstrated  a  higli  degree  of  reliability  and  the  attainment 
of  all  design  goals. 
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Figure  A-1  is  an  overall  block  diagram  of  the  Port  lixpander  system,  and  applies  to  both  ATS  and  SC'A'IS. 
ATS  is  a  larger  implementation,  consisting  of  five  blocks  contained  in  two  card  cages;  SCATS  presently  consists 
of  three  blocks  within  one  card  cage,  but  can  be  expanded  if  necessary  as  noted  above.  The  Master  Control  is  a 
large  printed  circuit  board  assembly  located  in  one  of  the  card  cages.  The  DRl  1-C  I/O  Card  is  located  within  the 
P1)P-I  1  computer,  and  communicates  with  Master  Control  via  two  40-conductor  flat  cables  (Connectors  #1  and 
#J).  The  Master  Control  communicates  with  the  register  cards  via  the  various  signal  paths  (RLAD  Bus,  WRITF 
Bus,  etc.)  which  will  be  described  below.  Not  shown  in  this  diagram  are  the  test  instruments,  which  would  be 
outside  the  card  cages.  Communication  with  them  is  via  cables  between  the  cages  and  individual  instruments. 

Figure  A-2  describes  the  Master  Control  section,  which  handles  all  communications  between  the  DRl  1-C 
and  the  register  cards.  The  DRl  1-C  I/O  card  provides  the  following  signals: 

Output 

•  16  data  output  bits 

•  2  programmable  control  bits  (CSRO  and  CSRl) 

•  New  Data  Ready  (NDR)  pulse  (data  ready  on  output  lines) 

•  Data  Transferred  (DT)  pulse  (input  data  accepted) 

•  A  Reset  signal  (INIT) 

Input 

•  16  data  input  bits 

•  2  interrupt  lines  (RFQ  A  and  REQ  B) 

I'nder  software  control,  the  output  bits  contain  two  types  of  information  at  different  times:  data  to  be  sent  to 
a  register  card,  and  the  register  card  address  (in  the  lower  8  bits  only).  The  input  bits  contain  data  coming  in 
from  a  register  card.  The  control  bits  (CSRO  and  CSRl)  are  used  in  conjunction  with  the  data  pulses  (NDR  and 
DT)  to  form  internal  control  signals  wliich  steer  the  data  to  the  proper  places  at  the  proper  times.  The  four 
basic  operations  defined  from  the  viewpoint  of  the  Port  Expander,  and  the  control  signals  they  use.  are  as  follows: 

•  Write  operation  -  Master  Data  Register  Enable  (.MDRE)  and  Write  Command  (WC) 

•  Read  operation  -  Read  Gate  (RG)  and  Quiet  (QT) 

•  Trigger  operation  (provides  a  trigger  pulse  out  from  an  addressed  Register  Card)  -  Trigger  (TR) 

•  Reset  (clears  all  Register  Cards)  -  Master  Reset  (MR) 

Figure  A-3  details  the  timing  and  control  for  the  first  three  operations.  Reset  is  immediate  upon  transmission  of 
the  INIT  signal  from  the  computer,  or  if  the  manual  reset  button  is  pushed. 

In  the  Write  operation,  the  first  output  word  is  the  data,  which  is  stored  in  the  Master  Data  Register,  whose 
output  Is  buffered  and  sent  to  the  register  cards.  The  second  output  word  is  the  coded  address  information  (4  bits 
for  Block  Address,  4  bits  for  Card  Address)  which  is  applied  to  the  dual  l-of-16  Address  Decoder  and  sent  to  the 
register  cards,  which  are  logically  arranged  in  an  X-Y  matrix,  as  Block  .Selects  and  Card  Selects.  The  WC  pulse 
actually  loads  the  data  into  the  selected  register  card.  In  the  Read  operation,  the  address  information  is  sent  out 
to  the  Address  Decoder,  the  RF  pulse  Is  transmitted,  causing  the  selected  register  card  to  apply  its  data  to  the 
input  lines,  the  computer  accepts  the  data,  and  the  QT  pulse  is  sent  to  signify  the  end  of  the  operation.  In  the 
Trigger  operation,  the  address  information  is  decoded  and  the  TR  pulse  is  transmitted,  which  causes  the  selected 
register  card  to  output  a  trigger  pulse. 

The  two  signals.  Interrupt  Retjuest  (IRFQ)  and  Interrupt  Read  Gate  (IR(i).  are  active  only  during  the  Wiite 
and  Read  o|X’ralions.  Whenever  a  register  card  is  wiitien  to.  It  causes  the  IRFQ  signal  to  go  true.  This  activates 
the  IRI  (2  system  which  raises  RFQ  A  to  the  computer  and  loads  a  "vector,"  or  address  of  the  card  which  was 
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Figure  A-2.  Master  Control  Block  Diagram  ATS  and  SCATS. 


Figun;  A-3.  Master  Control  Card  Timing  Diagram. 


written  to,  into  n  special  register  card.  (This  system  will  be  detailed  below.)  During  the  Read  operation,  the 
IRG  signal  is  asserted,  which  gates  the  data  onto  the  Read  Bus,  and  also  activates  the  IRG  system.  The  IRG 
system  compares  the  Address  Decoder  output  with  the  address  ol  the  actual  register  card  being  read,  as  encoded 
from  the  IRG  signals.  It'  they  are  identical,  there  is  no  action:  if  not,  an  error  is  implied.  Rt.(,)  B  is  raised  to  the 
computer,  and  under  software  control,  coirective  action  can  be  taken.  Two  other  special  register  cards  arc  loaded 
with  read  gate  vectors  to  assist  in  this  action.  When  a  successful  read  opeiation  is  accomplished,  the  QT  signaJ 
clears  both  the  IRhQ  and  IRG  signals. 

.An  important  corollary  to  the  definition  of  these  operations  is  that  every  Write  must  be  followed  b\  a 
Read,  due  to  the  fact  that  the  QT  pulse  is  required  to  clear  the  IRTO,  There  are  two  sources  from  which  the 
register  caids  receive  data:  the  computer  and  the  instruments.  In  the  first  case,  the  computei  is  sending  infor¬ 
mation  to  an  instrument  via  a  register  card.  Here,  the  mandatory  Write-Read  sequence  allows  the  computer  to 
ccii  pare  the  data  sent  w'ith  the  actual  contents  of  the  register  card  to  check  lor  any  errors.  In  the  second  case, 
an  instrument  is  sending  data  to  the  computer  via  a  different  register  card,  and  this  hxternal  Write  operation 
informs  the  computer  (via  the  IRLQ-RbQ  A  signals)  that  data  is  available.  This  initiates  the  Read  operation, 
whereby  the  computer  receives  the  data  from  the  register  card. 

Figure  .-\4  illustrates  the  register  card  architecture.  The  card  contains  a  16-bit  storage  register,  two  16-bit 
buffeis,  and  some  control  logic.  Input  to  the  register  is  from  either  the  computer  (via  the  Master  Data  Register 
m  the  Master  Control  section)  or  frt  m  an  instrument,  depending  on  the  application.  The  upper  buffer,  always 
enabled,  follows  the  register  output  and  is  used  to  drive  instruments,  lIC's.  relays,  etc.  The  gated  buffer  output 
is  enabled  by  the  IRG  signaJ  only  during  a  Read  operation,  and  is  used  to  send  data  back  to  the  computer  via 
Master  Control.  Both  buffers  have  active  low .  open-collector  TTL  outputs.  The  control  logic  accepts  the 
commands  WC,  RG,  QT,  and  TR  only  when  its  select  lines  (BSX  and  CSX)  are  asserted.  The  MR  command  is 
overriding  at  all  times.  If  the  register  card  is  used  to  accept  data  from  an  instrument,  then  WC  is  not  used, 
instead,  the  LXT  input  accepts  a  load  command  from  the  instrument  to  asynchronousl>  load  the  data  into  tin 
register,  independent  of  the  select  lines.  The  control  logic  also  generates  the  necessary  IRI  Q  and  IR(i 
plus  the  selected  TRIG  signal  output. 

The  next  four  diagrams  iFigurcv  .\-5  to  A-8)  illustrate  how  the  various  signal  (laths  aie  routed  throuii  - 
Port  Lxpander  matrix.  Figure  A-5.  Register  Card  Addressing,  shows  how  the  Block  Selects  are  connected  i>  ai- 
cards  within  a  block  to  which  the  computer  wiites.  and  the  Card  Selects  connect  across  the  bloi.ks.  Note  ne. 
when  an  instrument  writes  to  a  card,  the  F.XT  input  is  used  instead  of  BSX  and  CSX 

In  figure  .A-6.  the  data  paths  (Write  Bus  and  Read  Bus)  are  shown.  The  Write  Bus  goes  iioin  C.  riiroi 

to  all  register  cards  to  which  the  computer  writes  data:  those  cards  to  which  instruments  write  arc  not  on  the 
Write  Bus.  However,  all  register  cards  are  on  one  of  two  types  of  Read  Busses.  The  BRCilD  (BUek  Read  Gate 
Identification)  and  CRGID  (Caid  Read  Gate  identification)  cards  in  Block  1.'  aie  on  a  special  RC,  (Read  (.jis  t 
Read  Bus  which  is  accessed  in  Master  Control  only  when  the  IRG  system  delects  an  eiroi  wink  reading  data 
from  somewhere  else  in  the  Port  Fxpander  matrix.  All  other  cards  are  on  the  Data  Read  Bus.  Ihc  wired  (DR 
Read  Bus  connects  the  open-collector  outputs  of  the  register  cards  and  is  collected  m  the  buffei  w-.tion  oi  the 
encoder/buffer  cards  at  the  top  of  each  block.  The  wired-OR  FNC  BCF  caid  outputs  are  then  collected  m  the 
Master  Control  section.  In  Block  14.  there  is  an  example  of  a  register  card  connected  simultaneousK  to  the  'C.iJ 
bus  and  to  an  instrument,  using  the  two  output  ports  available. 

The  wired-OR  read  bus  allows  easy  expansion  of  the  Port  l.xpandei  system:  lu'wevci.  it  nioie  lhan  one  lecis- 
ter  card  is  gated  onto  the  Bus  at  any  given  time,  invalid  data  will  lesiill.  For  ih.il  reason,  ti  e  IR(i  s\sicin  was  de 
velopcd,  and  figure  A-7  illustrates  its  connections.  The  (open-collectoi )  IRGI  ^lgn,lls  on  the  register  caids  aie 
collected  across  all  cards  within  a  block  and  sent  to  Master  Control,  wink  the  IRCiD's  are  collec.ed  tiom  the  N'th 
card  across  all  blocks  and  also  sent  to  Master  Control.  These  are  converted  to  the  BR(t  and  I  R(i  signals  and  sent 
to  the  BRGID  and  CRfilD  cards  in  Block  15.  They  are  also  compared,  in  M.isiei  (  ouliol.  iri  the  oulpiit  ot  the 
.Address  Decoder,  which  contains  the  address  of  the  card  selected  foi  the  Read  operation  It  ihey  are  idenlical,  no 
action  occurs,  thus  causing  no  delas  to  the  Port  Fxpander  operation.  Ilowcvoi.  it  ihc  comparison  fails  ihen  the 
R(i  Ff)AD  loads  the  BR(jlD^CR(ilD  cartls  with  the  location  ot  all  cariF  g.ited  onto  ihc  Reasi  Bus,  ,nul  intciiupls 
the  computer  via  RFQ  B  F'ndei  software  control,  the  isolated  R(i  Read  Bus  is  then  ic.id.  and  conectise  action 
can  then  be  taken. 
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The  IRliQ  system  provides  a  hardware  vectored  priority  interrupt  system  with  equal  response  time  from  any 
register  card,  with  no  software  polling  required.  Figure  A-8  shows  the  system  interconnections,  and  figure  A  'i 
details  the  system  operation  on  a  simplified  (two  block,  two  cards  per  block)  Port  Fxpander  system.  Similarly 
to  the  IRG  system,j[ie  IRFt^l’s  are  collected  across  the  blocks  and  sent  to  the  special  Block  l.ncoder  card  in 
Block  15.  The  IRF-O-’s  are  collected  at  the  tncoder/Buffer  card  within  each  block,  and  encoded  onto  the  IRFO 
Address  Bus,  which  also  goes  to  the  Block  Fncoder  card,  along  with  a  Group  Signal  (GS).  When  a  register  card 
is  written  to,  eithei  from  the  computer  or  from  an  instrument,  its  IRFfjl  is  encoded  to  the  block  number  in 
which  the  card  resides,  the  Block  Finable  (BHN)  signal  is  sent  to  the  FNC/BUF  card  of  the  proper  block,  which 
enables  the  IRFQ2  to  be  encoded  to  the  card  number  and  applied  via  the  IRFO  Card  Address  Bus  to  the  Block 
Encoder  card.  The  GS  then  triggers  a  one-shot,  which  loads  the  encoded  block  and  card  number  into  the 
IRFQID  card,  whose  IREQI  signal  interrupts  the  computer  via  RFQ  A.  This  entire  operation  sounds  quite 
involved,  but  actually  occurs  in  less  than  one  microsecond  (10'^  sec.).  In  order  to  acquire  data  from  the  register 
card,  the  computer  would  first  read  the  IRFQID  card,  whose  contents  are  the  address  of  the  register  card  (or 
vector),  and  then  read  the  vectored  register  card.  Due  to  the  type  of  circuits  used  in  the  IRFQ  system,  higher 
block  numbers  have  higher  priority  than  lower  block  numbers  (i.e.,  will  be  serviced  first  in  the  case  of  simultaneous 
interrupts),  and  likewise,  higher  card  numbers  have  higlier  priority  within  a  block.  Note  that  the  highest  priority 
goes  to  the  BRGID/CRGID  cards,  followed  by  the  IRFQID  card,  and  then  all  other  register  cards.  Figure  A-'^ 
presents  a  simplified  schematic  diagram  of  the  IRF.Q  system,  along  w'ith  a  fiowchart  of  the  operation  sequence. 

In  the  event  of  multiple  interrupts,  the  highest  priority  is  serviced  first  while  the  others  are  held  at  the  Register 
Card  IRFQ's  until  serviced.  Thus,  an  interrupt  "stack"  is  effectively  formed  within  the  IRFQ  system. 

PHYSICAL  DESCRIPTION 

The  Port  F.xpander  consists  of  one  or  more  rack-mounted  card  cages.  The  .Master  Control  section  is  a  large 
printed  circuit  (P.  C.)  board  assembly  mounted  on  the  top  of  the  first  card  cage.  The  register,  FNC  BliF,  Block 
Fncoder  Relay  and  Instrument  Interface  Cards  (llC's)  are  all  4.5"  by  6.5"  P.C.  boards  with  12  pin  edge  connectors. 
The  card  cage  has  a  wire-wrapped  backplane.  On  the  back  of  the  cage  arc  electrical  connectors,  from  which 
cables  go  to  the  instruments.  The  two  40-conductor  fiat  cables  between  the  computer  and  Port  F.xpander  and 
the  cables  to  the  instruments  can  be  up  to  approximately  25  feet  long. 

In  the  ATS.  a  special  relay  card  has  been  designed  which  contains  sixteen  TTF-compatible  SPST  reed  relays, 
with  all  relay  contacts  available  on  the  edge  connector  and  provisions  for  jumper  wires  on  the  card.  A  large 
number  ot  these  have  been  interconnected  in  a  separate  card  cage,  and  driven  directly  by  the  register  cards,  to 
torm  a  large  computer  controlled  crossbar  relay  matrix  for  switching  analog  signals  between  the  test  instruments 
and  the  Unit  Under  Test  (UUT). 

Some  instruments  ere  designed  to  accept  active  low  TTU  control  signals,  and  even  have  internal  pull-up 
resistors.  These  instruments  can  be  interfaced  directly  to  the  register  card  outputs.  Others  require  different 
logic  levels,  increased  drive,  or  special  formatting.  In  these  cases,  the  register  cards  interface  to  the  instruments 
via  the  llC's  which  are  individually  designed  for  each  specific  application. 
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Figure  A‘9.  IREQ  System  Simplified  Operation. 
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